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Abstract — Korean mistletoe has a variety of biological effects, such as immunoadjuvant activities. This
study investigates the effects of Korean mistletoe lectin (Viscum album L. var. coloratum agglutinin, VCA) on
human T lymphocytes to determine whether VCA acts as an immunomodulator. Purified human T-lymphocytes
were cultured with VCA and RNA from each point was analyzed using Affymetrix human genome chips
containing 22,500 probe sets which represents more than 18,000 transcripts derived from 14,500 human
genes. As a result, there was a striking upregulation of genes coding for chemokines. Seventeen genes out of
50 coding for proteins with chemokine activity were upregulated including CXCL9 and IL-8 which are related
to the treatment of cancer. In addition, 28 cytokine genes were upregulated including IL-1, IL-6, IL-8, IFN-y,
and TNF-a. Taken together, the data suggest that Korean mistletoe lectin, in parallel with European mistletoe,

has an ability to modulate human T cell function.
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INTRODUCTION

Mistletoe belongs to the family of Loranthaceae and
Viscaceae, which are taxonomically related to each other
(Barlow, 1983). Application of Viscum album L. is one of
the most widely used unconventional remedies in Europe
to treat hypertension, arteriosclerosis, diabetes, arthritis,
and even more importantly, cancer (Bussing, 2000). The
most prominent effect of Viscum album extract (VA-E) is
their cytotoxic property (Bussing, 2000). There are growing
evidence that mistletoe extract can induce apoptotic killing
of cultured human tumor cells and lymphocytes (Hajto et
al., 1990; Schultze et al., 1991; Park et al., 2001; Urech et
al., 2005). Furthermore, European mistletoe lectin (Viscum
album L. agglutinin, VAA) was found to modulate cells in-
cluding human lymphocytes, monocytes, neutrophils, and
cancer cells (Hostanska et al., 1996; Savoie et al., 2000;
Lavastre et al., 2002).

Asian mistletoe which is distributed in Korea and other
East-Asian countries (mainly in China and Japan) has also
been recognized as a therapeutic herb (Li, 1975). Among
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its components, a galactose- and N-acetyl-D-galactos-
amine-specific lectin (Viscum album L. var. coloratum ag-
glutinin, VCA), which is known for its anti-cancer activity,
was isolated from Korean mistletoe using SP Sephadex-
C50, Sepharose 4B, and ultrafiltration (Lyu et al., 2000;
Lyu et al., 2001; Lyu et al., 2002). Although there is less re-
search conducted for Korean mistletoe compared to the
European’s, there are increasing evidence that Korean
mistletoe possesses similar cytotoxic and immunological
activities compared to the European’s (Yoon et al., 1999;
Lyu et al., 2000; Lyu et al., 2001; Pae et al., 2001; Park et
al., 2001; Yoon et al., 2003; Lyu and Park, 2007).
Microarray analysis allows simultaneous monitoring of
expression of multiple genes in different cells and tissues.
Its applications for pharmaceutical and clinical research in-
clude identification of disease-related genes, as well as
targets for therapeutic drugs (Alizadeh et al., 2000). In this
study, we were interested in obtaining proof of principle da-
ta in human T-cells by analyzing the gene expression after
VCA treatment using microarray techniques. Affymetrix
Human Genome U144 Plus 2.0 Array containing more
than 54,000 probe sets representing greater than 47,400
transcripts derived from approximately 39,000 well-sub-
stantiated human genes was used. We then used bio-
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informatics tools to analyze the differentially-regulated
genes in order to identify common transcription regulators.
Using this approach, we identified a genetic regulatory net-
work that responds to VCA.

MATERIALS AND METHODS

Isolation of lectin

Korean mistletoe growing on oak trees was collected in
Kangwong province, Korea, during winter. The botanical
identity was established by Prof. Jon Suk Lee, College of
Natural sciences, Seoul Women'’s University. Crude pro-
tein was prepared by ion exchange chromatography and
affinity chromatography as described previously (Park et
al., 1998a).

Gel electrophoresis

The molecular mass and purity of VCA was determined
by sodium dodecyl sulfate -polyacrylamide gel electro-
phoresis (SDS-PAGE). Twelve percent polyacrylamide
(Sigma, Poole, UK) was used as the ‘resolving gel’ and 4%
acrylamide was used as the ‘stacking gel’. The resolving
and stacking gel were polymerized for 30 and 10 min, re-
spectively. To further denature the protein by reducing di-
sulfide linkages, samples were heated at 98°C for 10 min
in the presence of 1% 2-mercaptoethanol (Sigma).
Bromophenol blue (0.1 mg/ml) was also added to the pro-
tein solution to serve as a tracking dye and the samples
were loaded into the wells. The samples were electro-
phoresed using the Bio-Rad electrophoresis system (CA,
USA) at 100 V for 1 hr. The gel was stained with
Coomassie Brilliant Blue R-250 (Sigma) for 1 hr and was
destained for protein determination.

Purification and evaluation of human T-lymphocytes

To prepare peripheral blood mononuclear cells (PBMC),
human peripheral blood (30 ml) was obtained after the per-
mission of healthy human volunteers (age ranging from 25
to 40 years) with the addition of 100 unit/ml heparin. PBMC
was isolated by the Histopaque gradient density method
according to the manufacturer’s instructions (Sigma).
Human T-lymphocytes were isolated from human PBMC
using MACS Pan T-lymphocyte Isolation Kit Il (Miltenyi
Biotec Inc., CA, USA). T-lymphocyte purity was evaluated
via FACS analysis using a fluorescence- activated cell
sorter (FACSCalibur; BD Biosciences, Oxford, UK).

Cell culture
Human PBMC and T-lymphocytes were maintained in a
complete tissue culture medium (CTCM) consisting of

RPMI 1640 (Sigma) supplemented with 5% fetal calf se-
rum (FCS, Sigma), 100 U/ml penicillin/100 pg/ml strepto-
mycin (Sigma), 2 mM -glutamine (Sigma), and 5x10 ° M
2-mercaptoethanol (2-ME, Sigma). Cell numbers and via-
bility were assessed by the trypan blue (Sigma) dye ex-
clusion method.

Viability test

The in vitro cell viability was measured using solutions of
a novel tetrazolium compound (3-(4,5-dimethylthiazol-2-
yl)-5-(3-carboxymethyoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium, inner salt; MTS, Promega, Southampton, UK)
and an electron coupling reagent (phenozine methosul-
phate; PMS, Promega). The production of formazan was
determined by measuring the absorbance of the com-
pound at 450nm with a spectrophotometric 96-well plate
reader (Dynex Technologies, VA, USA).

Preparation for DNA microarray analysis

Total cellular RNA was extracted from cells using
RNeasy"™ Mini kit (Qiagen, Valencia, CA, USA). The con-
centration was determined by NanoDrop® ND-1000A
UV-Vis Spectrophotometer (NanoDrop Technologies, Wil-
mington, DE, USA). Also, the quality of RNA was checked
with an Agilent 2100 Bioanalyzer Analysis System (Agilent
Technologies, Palo Alto, CA, USA) before performing the
microchip arrays. First and second strand cDNA were syn-
thesized from total RNA using the ‘GeneChip® One-Cycle
Target Labeling and Control Reagents Kit" which contains
1 IVT (In Vitro Transcription) Labeling Kit, 1 One-Cycle
cDNA Synthesis Kit, 1 Sample Cleanup Module, 1 Poly-A
RNA Control Kit, and 1 Hybridization Control Kit (Affymetrix,
Santa Clara, CA, USA). After cooling the sample at 4°C,
130 ul of Second-Strand Master Mix (91 ul of RNase-free
water, 30 pl of 5x2™ Strand Reaction Mix, 3 pl of 10 mM
dNTP, 1 pl of E. coli DNA ligase, 4 ul of E.coli DNA
Polymerase |, and 1 ul of RNase H) was added to the first-
strand synthesis sample. For IVT (/In Vitro Transcription)
reaction, 4 pl of 10xIVT Labeling Buffer, 12 ul of IVT
Labeling NTP Mix, and 4 ul of Labeling Enzyme Mix were
added to the sample, and were filled up with RNase-free
water to give a final reaction volume of 40 ul. The mix was
incubated at 37°C for 16 hr. Sixty microliters of RNase-free
water, 350 ul of IVT cRNA Binding Buffer, and 250 pl of
ethanol (99.5%) were added to the IVT reaction, and the
sample was applied to the IVT cRNA Cleanup Spin Column.
cRNA vyield was determined using the NanoDrop® ND-
1000A UV-Vis Spectrophotometer (NanoDrop Technolog-
ies) as described above. The size distribution of cRNA was
evaluated using the Agilent 2100 Bioanalyzer Analysis
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System (Agilent Technologies).

Hybridization and probe array scanning

Human Genome U133 Plus 2.0 Array (Affymetrix) which
contains more than 54,000 probe sets representing great-
er than 47,400 transcripts derived from approximately
39,000 well-substantiated human genes was used for
hybridization. The hybridization cocktail for the complete
Human Genome U133 Plus 2.0 Array was prepared by
mixing 15 pg of fragmented cRNA, 5 ul of 3 nM Control
Oligonucleotide B2, 15 pl of 20xEukaryotic Hybridization
Controls (bioB, bioC, bioD, cre), 3 ul of 10 mg/ml Herring
Sperm DNA, 3 ul of 50 mg/ml BSA, 150 ul of 2x Hybridiza-
tion Buffer, and 30 ul of DMSO. The probe array was
placed into the Hybridization Oven and was rotated at 60
rpm at 45°C for 16 hr. To wash, stain, and scan a probe ar-
ray, the Fluidics Station 450/250 and the GeneChip®
Operating Software (GCOS) (Affymetrix) were used.

Statistical data analysis for microarray

The scanned images were analyzed using the Affymetrix
Microarray software. Sample loading and variations in
staining were standardized by scaling the average of the
fluorescent intensities of all genes on an array to constant
target intensity (250) for all arrays used. Data analysis was
conducted using the GeneChip® Operating Software
(GCOS, Affymetrix) and the Affymetrix™ NetAffix™ Analysis
Center (www.affymetrix.com/analysis).

RESULTS

Purification of VCA

VCA was isolated from Korean mistletoe using the affin-
ity chromatography, SP Sephadex C-50, and asialofetuin-
Sepharose 4B as previously described (Park et al., 1997;
Park et al., 1998b). In the absence of the reducing agent

120

(2B-mercaptoethanol), the molecular mass of VCA was 60
kDa, which is similar to the molecular mass of European
mistletoe lectin (VAA). In the presence of the reducing
agent, VCA showed two bands consisting of a 30 kDa
A-chain and a 34 kDa B-chain, whereas European mis-
tletoe lectin showed three bands (36 kDa, 33 kD, and 29
kDa) (Fig. 1). Compared with results previously reported
(Park et al., 1997; Park et al., 1998b), lectin was efficiently
isolated by the asialofetuin-immobilized chromatography.

Purity evaluation of human T-cells using FACS

The purity of the enriched T-cells was evaluated by flow
cytometry. The cell fraction was stained with fluorescently
labeled antibodies (CD25-PE 5 pg/tube to detect T cell ac-
tivation and CD3-ECD 5 pg/tube to detect T cell purity) and
the percentage of the populations was evaluated by FACS
analysis. Cell debris and dead cells were excluded from
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Fig. 1. SDS-PAGE profiles of VCA. Korean (VCA) and
European mistletoe lectin (VAA) were analyzed by SDS-PAGE.
(A) Crude proteins were prepared by the ion exchange
chromatography and SP Sephadex C-50, in the presence (lane
2, 3) and absence (lane 4, 5) of a reducing agent. Lane 1;
molecular weight marker, lane 2, 4; European mistletoe
proteins, lane 3, 5; Korean mistletoe proteins.
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Fig. 2. A composite of three independent cell via-
bility tests performed on human T-cell. T-cells were
cultured in the absence or presence of different
concentrations of VCA and the viability was mea-
sured by MTS assay. Student’s t-test was used to
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compare each of the treatment groups with the
T-cells controls and the significance was determined. *p
<0.05.



414

the analysis based on scatter signals. As a result, a purity
of 92% of T cells could be achieved.

Effect of VCA on T cell viability

In order to verify that the administration dose had mini-
mal effect on the cells, the viability of human T-lympho-
cytes was measured. Cells were treated for 48 hours with
VCA at the indicated dose (1 pg/ml up to 1.6 pg/ml) and
were measured using the MTS assay. As a result, T-lym-
phocytes showed 80% viability when they were treated
with 800 = 10 ng/ml of VCA (Fig. 2). The result obtained
showed that the selected concentrations of VCA (10 pg/ml,
600 pg/ml, and 1.5 ng/ml) for the microarray analysis had
no major effect on the cells when compared to the controls.
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Overall changes in gene expression profiles of T cells by
VCA

To study the effects of Korean mistletoe lectin, VCA was
applied at the following concentrations to determine the
immunological activity: 10 pg/ml VCA, 600 pg/ml VCA, and
1.5 ng/ml VCA, for varied time intervals (2 and 8 hr) on hu-
man T-cells. Each gene chip in the HG-U133 Plus 2.0
GeneChip™ Array set represented approximately 39,000
genes and expressed sequence tags. The cluster analysis
achieved shows the overall expression pattern and the bio-
logical correlation of replicates in cellular response to VCA
treatment over several time points and concentrations
(Fig. 3). To obtain a global view of the differential gene ex-
pression, genes that were either consistently increased or
decreased in all sets of experiment with respect to time in-
tervals and concentrations were focused on. All probe sets
designated ‘absent’ by the GeneSpring software were re-
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i analysis shows the overall expression
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L O —————— ey treatment over several time points and
concentrations. Ten clusters from 4156
e T = genes were achieved from Volcano plot
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0.05), clustering (Gene clustering and
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moved, and only those genes whose expressions changed
by 2-fold or greater in at least two pairwise comparisons
were taken as significant. Using a cutoff value of = * 2-
fold change in transcript abundance in all experiments, a
total of over 3500 genes were identified as relatively re-
sponsive to VCA. VCA responsive genes were divided into
functional classes based on gene ontology (http://www.go-
database/org/cgi-bin/go.cgi) including biological function,
cellular component, and molecular function in all sets of
experiment.

Gene modulation of the chemokine family by VCA

The production of chemokines is induced by exogenous
irritants and endogenous mediators such as interleukin
(IL)-1, tumor necrosis factor-alpha (TNF-a.), platelet-derived
growth factor (PDGF), and interferon-gamma (IFN-y). In
this study, the most striking family of genes modulated by
VCA is the chemokine family. Seventeen genes, out of 50
coding for proteins with chemokine activity on the array,

were upregulated. These genes code for chemokines of
the C-C (CCL2, CCL3, CCL4, CCL8, CCL13, CCL14,
CCL15, CCL17, CCL18, CCL20, CCL24) and CXCL fami-
lies (CXCL1, CXCL2, CXCL3, CXCL5, CXCL9, CXCL13),
and also for IL-8 (Table | and II).

Gene modulation of cytokines by VCA

In the present study, VCA was found to stimulate, at
non-toxic variable concentrations (10 pg/ml, 600 pg/ml,
and 1.5 ng/ml), the gene expression of the cytokines in-
cluding IL-1a, IL-1B, IL-6, IL-8, IFN-y, and TNF. The
amounts of cytokines tested with VCA were high, partic-
ularly for IL-1ae and IL-1B, and to a lesser extent for TNF-a
(Table I and I1). The lesser secretion of TNF-a might be re-
lated to a passive release of cytokines following the secre-
tion of IL-1. These results are consistent with the previous
reports on the secretion of cytokines (Hajto et al., 1990;
Mannel et al., 1991; Hostanska et al., 1995; Riberéau-
Gayon et al., 1996; Mdckel et al., 1997; Riberéau-Gayon et

Table I. Genes modulated by VCA for 2 hr with various concentrations. Genes with immunological significance (> 2 fold-change) are

shown
UniGene ID Gene description Gene symbol 1 ngg";\ml Goggg/ml 1 5V Sg';o/\ml
Chemokine
hCG27669.2 CCL18 Chemokine (C-C motif) ligand 18 1.86 3.32 3.47
hCG16364.3 CXCL5 Chemokine (C-X-C motif) ligand 5 1.99 5.06 3.30
hCG14841.3 CCL20 Chemokine (C-C motif) ligand 20 1.25 1.54 248
hCG22991.2 CXCL13 Chemokine (C-X-C motif) ligand —3.62 222 224
hCG16361.2 CXCL2 Chemokine (C-X-C motif) ligand 2 1.16 1.32 217
hCG16366.3 CXCL3 Chemokine (C-X-C motif) ligand 3 1.08 1.42 212
hCG16372.3 IL8 Interleukin 8 —1.17 1.23 2.03
hCG29301.2 CCL8 Chemokine (C-C motif) ligand 8 —2.78 1.35 1.01
hCG32604.3 CCL15;,CCL14 Chemokine (C-C motif) ligand 14 —2.17 —1.08 —1.12
hCG1647381.3 CCL24 Chemokine (C-C motif) ligand 24 —2.20 2.19 —1.28
hCG16481.3 CCL17 Chemokine (C-C motif) ligand 17 —2.97 —1.73 —2.29
Cytokine
hCG1741698.1 IFNA1 Interferon, alpha 1 2.26 2.51 4.24
hCG23042.3 TNFSF9 Tumor necrosis factor (ligand) superfamily 1.25 1.36 3.37
hCG17267.3 INHBA Inhibin, beta A 1.35 2.68 2.03
hCG15987.3 IFNG Interferon, gamma 2.81 2.66 1.93
hCG33094.2 TNFSF5 Tumor necrosis factor (ligand) superfamily 2.01 1.29 1.1
hCG1991317 TNFSF12 Tumor necrosis factor (ligand) superfamily —2.61 1.13 —1.08
hCG1733963.2 IL1RN Interleukin 1 receptor antagonist —2.13 —1.03 —1.22
Growth factor
hCG45297.2 DTR Diphtheria toxin receptor 1.53 1.85 2.14
hCG2020168 FLT1 Fms-related tyrosine kinase 1 2.33 1.81 1.43
hCG14780.3 NRG1 Neuregulin 1 —1.51 —1.16 —2.01
Others
hCG2025762 BOMB BH3-only member B protein —1.28 1.64 2.03
hCG16948.3 HUMGT198A GT198, complete ORF 2.00 1.10 1.84
hCG1759019.2 HOMER1 Homer homolog 1 222 1.04 1.75
hCG41839.3 LGALS2 Lectin, galactoside-binding, soluble, 2 —2.38 1.29 1.03
hCG28281.3 TRAF4 TNF receptor-associated factor 4 —1.55 —2.03 —1.08
hCG1785346.3 PRKCBP1 Protein kinase C binding protein 1 —3.58 —1.32 —1.75
hCG25928.2 MLF2 Myeloid leukemia factor 2 —2.39 —1.24 —1.88
hCG2014701 LRRC10 Leucine rich repeat containing 10 —1.14 —1.48 —2.32
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Table Il. Genes modulated by VCA for 8 hr with various concentrations. Genes with immunological significance (> 2 fold-change) are
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shown
UniGene ID Gene description Gene symbol 1 Ovp%";\ml GOE)/E):gAlmI 1 5V r(l:QmI
Chemokine
hCG16372.3 IL8 Interleukin 8 1.28 4.88 18.18
hCG32604.3 CCL15; CCL14 Chemokine (C-C motif) ligand 14 —1.49 1.53 16.65
hCG16366.3 CXCL3 Chemokine (C-X-C motif) ligand 3 —1.05 2.71 15.70
hCG1749202.1 CCL3 Chemokine (C-C motif) ligand 3-like —2.03 245 14.53
hCG16368.2 CXCL1 Chemokine (C-X-C motif) ligand 1 1.55 3.54 8.15
hCG29301.2 CCL8 Chemokine (C-C motif) ligand 8 3.15 35.19 7.77
hCG16361.2 CXCL2 Chemokine (C-X-C motif) ligand 2 —1.50 1.03 7.71
hCG16364.3 CXCL5 Chemokine (C-X-C motif) ligand 5 5.56 9.74 7.34
hCG1748235.2 CCL4L Chemokine (C-C motif) ligand 4-like —2.00 1.05 5.24
hCG14841.3 CCL20 Chemokine (C-C motif) ligand 20 —1.33 —1.08 5.06
hCG29298.3 CCL2 Chemokine (C-C motif) ligand 2 1.73 3.70 3.91
hCG16481.3 CCL17 Chemokine (C-C motif) ligand 17 1.81 2.70 1.33
hCG22991.2 CXCL13 Chemokine (C-X-C motif) ligand 13 2.18 221 1.24
hCG1647381.3 CCL24 Chemokine (C-C motif) ligand 24 2.10 3.36 1.22
hCG29297.1 CCL13 Chemokine (C-C motif) ligand 13 2.16 9.91 1.18
hCG27669.2 CCL18 Chemokine (C-C motif) ligand 18 297 4.05 —1.27
Cytokine
hCG16260.3 IL1A Interleukin 1, alpha —1.51 3.95 48.27
hCG17267.3 INHBA Inhibin, beta A —1.10 10.82 37.07
hCG16263.2 IL1B Interleukin 1, beta —240 2.53 21.70
hCG38231.4 IL6 Interleukin 6 (interferon, beta 2) 1.01 4.57 17.70
hCG15987.3 IFNG Interferon, gamma —4.05 —1.75 4.46
hCG1733963.2 IL1RN Interleukin 1 receptor antagonist 1.79 10.77 4.05
hCG27245.2 IL1F6 Interleukin 1 family, member 6 2.30 1.26 1.44
hCG20249.3 TNFSF10 Tumor necrosis factor (ligand) superfamily —1.01 2.29 1.13
hCG33094.2 TNFSF5 Tumor necrosis factor (ligand) superfamily —1.26 —2.96 —1.07
hCG1741698.1 IFNA1 Interferon, alpha 1 —1.19 —2.83 —1.13
hCG28387.3 TNFSF13B Tumor necrosis factor (ligand) superfamily 1.59 3.28 —1.57
Growth factor
hCG45297.2 DTR Diphtheria toxin receptor —1.68 1.60 5.00
hCG24963.2 FGF6 Fibroblast growth factor 6 242 1.40 1.79
hCG2001992 MST1 Macrophage stimulating 1 —7.61 —22.70 —1.22
hCG40536.2 PDGFD Platelet derived growth factor D —2.69 —2.59 —1.39
hCG14780.3 NRG1 Neuregulin 1 —1.24 —1.43 —2.30
Others
hCG27634.3 TRAF2 TNF receptor-associated factor 2 1.60 2.18 3.13
hCG30334.3 TRAF1 TNF receptor-associated factor 1 —1.38 1.1 2.78
hCG41839.3 LGALS2 Lectin, galactoside-binding, soluble, 2 —2.01 1.13 —3.08
al., 1997). (neuregulin 1), and PDGFD (platelet derived growth factor

Other genes modulated by VCA

Among the Fc receptors, the gene coding for FCAR (Fc
fragment of IgA receptor) was increased whereas genes
coding for FCER1A (Fc fragment of IgE receptor, high af-
finity I), FCER1G (Fc fragment of IgE receptor, high affinity
I, gamma polypeptide), FCGR2C (Fc fragment of I1gG re-
ceptor, low affinity llc (CD32)), and FCGRT (Fc fragment
of 1gG receptor, transporter, alpha) were decreased.
Among growth factors, FGF6 (fibroblast growth factor 6),
FLT1 (fms-related tyrosine kinase 1), and DTR (diphtheria
toxin receptor (heparin-binding epidermal growth fac-
tor-like growth factor)) were increased, and MST1 (macro-
phage stimulating 1 (hepatocyte growth factor-like)), NRG1

D) were decreased (Table | and II).
DISCUSSION

The beneficial effects of mistletoe preparations and
some of their components have been demonstrated in sev-
eral in vitro and in vivo studies (Blssing, 1997). However,
their effects on gene expression in human immune cells
have rarely been studied. Modulation of the immune re-
sponse may be manifested in various ways. Immunosup-
pression may lead to an enhanced host susceptibility to in-
fectious or neoplastic disease, whereas immunostimulation
(immunoenhancement) may ultimately result in hyper-
immune conditions including allergy or autoimmune dis-
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ease (Gleichmann et al., 1989). Therefore, we used micro-
array analysis to examine the effects of VCA on human T
lymphocytes. As a result, we assessed the level of over
39,000 genes in VCA-treated human T cells and observed
marked alterations in the expression of 17,393 genes.
These genes are involved in immune and defense re-
sponses, signal transduction, DNA modification and repli-
cation, regulation of transcription, and transport in a wide
range of biological systems.

Most importantly, there was a striking upregulation of
genes coding for chemokines. Chemokines are crucial dur-
ing an inflammatory response for a timely recruitment of
specific leukocyte subpopulations to sites of tissue damage.
In addition, they are also important in noninflammatory
functions such as dendritic cell maturation, B, and T cell
development, Th1 and Th2 responses, infections, angio-
genesis, tumor growth, and metastasis (Rossi and Zlotnik,
2000). Seven genes out of twenty one were upregulated
more than 10-fold by VCA code for chemokines. In partic-
ular, VCA induced the upregulation of C-C and CXCL fami-
lies (including CXCL9), and also for IL-8. An analysis of the
cellular distribution of CXCR3 (Homey et al., 2002), the re-
ceptor for CXCL9, suggests that VCA is likely to activate
Th1, CTL, and NK cells. CXCL9 possess strong angio-
static properties that make them interesting drugs for the
treatment of cancer (Rossi and Zlotnik, 2000). Thus, this
finding lends support to the therapeutic potential of VCA in
the treatment of cancer. IL-8, a member of the CXC che-
mokine family, is a prototypical chemokine and its most re-
markable property is the wide variation in its level of ex-
pression in response to cellular stress. IL-8 is known to be
produced by monocytes and macrophages, and its secre-
tion is induced by a number of stimuli, including pro-in-
flammatory cytokines ('Stvrtinova et al., 1995). Therefore
the upregulation of IL-8 may be the result of several pro-in-
flammatory cytokines increment, such as IL-1p3 and TNF-a.

In contrast to chemokines, cytokine modulations by mis-
tletoe have been discussed intensively (Hajto et al., 1990;
Joshi et al., 1991; Mannel et al., 1991; Hostanska et al.,
1995; Hostanska et al., 1996; Mdckel et al., 1997; Riberéau-
Gayon et al., 1997; Yoon et al., 2001). Thirty three genes
on the array that code for proteins with cytokine activity
were identified. Twenty eight cytokine genes were upregu-
lated by VCA (including IL-1a, IL-1B, IL-6, IL-8, IFN-y, and
TNF-a), and five of the genes were upregulated more than
10-fold. The above observations are consistent with the
previous studies (Frantz, 1989; Beuth et al., 1994; Riberéau-
Gayon et al., 1996) which showed that low non-toxic con-
centrations of mistletoe lectin can stimulate animal or hu-
man macrophages/monocytes.

Taken together, these data suggest that a specific net-
work of chemokine genes is activated by VCA, and that
this activation is accompanied by a similar activation of the
cytokine network. The expression of chemokines is trig-
gered by several cytokines, such as IL-13 and TNF-q,
through a nuclear factor kappa B (NF-xB)-mediated event;
by IFN-y through the Janus-activated kinase (JAK)-signal
transducer and activation of transcription (STAT) pathway;
or by activated protein 1 (AP-1)-mediated transcription.
The transcription of chemokine genes is also often in-
hibited by the transforming growth factor (TGF)-p (Richmond,
2002). Indeed when human T cells were stimulated with
VCA, genes associated with pathways regulating chemo-
kine production were found in this data, including IL-1p,
NF-xB, STAT (1, 2, 4, 6), and TGF-$.

In agreement with the pleiotypic biological properties of
VCA, the numbers of mechanisms that can be discussed
based on these data are large. Fc- and complement re-
ceptors are major targets of immunoglobulins (Heyman,
1996; Reilly and McKenzie, 2002). Among the Fc re-
ceptors, the gene coding for FCAR is increased whereas
the gene coding for FCER1A, FCER1G, FCGR2C, and
FCGRT are decreased. This differential expression sug-
gests that these genes may be a suitable target for the bio-
logical activity of VCA in human T cells. Among the com-
plement receptor family (Krych et al., 1992), the gene cod-
ing for C3AR1 (complement component 3a receptor 1) is
increased, but the gene coding for C1QR1 (complement
component 1, q subcomponent, receptor 1) is decreased.

In short, we investigated VCA-induced alterations in the
transcriptional profiles of human T lymphocytes and ana-
lyzed the differentially regulated genes using bioinformatics
tools. This report aims at providing the mistletoe research
community with a robust data base on which further stud-
ies could be built. To our knowledge, this is the first report
on the effect of (European or Korean) mistletoe lectin on
naive human T-lymphocytes.
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